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(54) Catheter 

(57) A single, integrated catheter (10) is capable of 
performing balloon angioplasty followed by delivery of a 
stent (60) without removing the catheter from the pa- 
tient's body, in one embodiment, a balloon (50) placed 
near the catheter's distal end is first used for pre-dilata- 
tion of a vascular stenosis. The catheter is then ad- 
vanced until a stent placed within a stent containment 
cavity (70) located just proximal to the balloon is placed 
within the dilated stenosis. An outer sheath (20) is then 
pulled back which allows a self-expanding stent to be de- 
ployed radially outward. The balloon is then pulled back 
inside the stent and reinflated to embed the stent into the 
dilated stenosis. An alternative embodiment of the inven- 
tion uses aside opening in the catheter located just prox- 
imal to the stent containment cavity as an entry port for 
a flexible guide wire thus providing a "rapid exchange" 
capability for the integrated catheter. 
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(54) Catheter 



(57) A single, integrated catheter (10) is capable of 
performing balloon angioplasty followed by delivery of 
a stent (60) without removing the catheter from the pa- 
tient's body. In one embodiment, a balloon (50) placed 
near the catheter's distal end is first used for pre-dilata- 
tion of a vascular stenosis. The catheter is then ad- 
vanced until a stent placed within a stent containment 
cavity (70) located just proximal to the balloon is placed 
within the dilated stenosis. An outer sheath (20) is then 
pulled back which allows a self-expanding stent to be 
deployed radially outward. The balloon is then pulled 
back inside the stent and reinflated to embed the stent 
into the dilated stenosis. An alternative embodiment of 
the invention uses a side opening in the catheter located 
just proximal to the stent containment cavity as an entry 
port lor a flexible guide wire thus providing a "rapid ex- 
change' capability for the integrated catheter. 
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Description 

This invention is generally in the field of devices for 
opening vessels of the human body, for example with ap- 
plication to percutaneous transluminal coronary angi- 
oplasty (PTCA) and stent delivery into the dilated artery. 

It is well known to use balloon angioplasty catheters 
for the dilatation of various vessels of the human body 
and most particularly for opening arteries. It is also well 
known to place stents into vessels to maintain patency 
of that vessel. It is also well known to use a balloon cath- 
eter for imbedding a stent into the wall of the vessel to 
prevent stent migration. 

It is typical to use separate catheters for vessel dil- 
atation and for stent delivery. This requires one or more 
catheter exchanges which increase the time and cost for 
performing interventional procedures. Since the patient 
is typically in some discomfort during such procedures, 
it is also highly advantageous to the patient to make the 
interventional procedure as short as possible. 

Aspects of the invention are set out in the accompa- 
nying claims. 

The present invention overcomes the disadvantag- 
es of prior art devices by integrating a balloon catheter 
and a stent delivery catheter into a single device. Al- 
though this invention could be used lor any vessel of the 
human body including but not limited to arteries, veins, 
vascular grafts, billiary ducts, urethras, fallopian tubes, 
bronchial tubes, etc., the descriptions herein will high- 
light the use of this device for arterial balloon angioplasty 
(and specifically PTCA) followed by intra-arterial stent- 
ing. 

At least preferred embodiments of the invention: 
perform vessel dilatation, stent placement, and 
balloon enhanced embedding of the stent into the vessel 
wall all with a single catheter 

deploy a self-expanding stent by means of pulling 
back a slideable outer sheath thus allowing the stent to 
expand outwardly from a stent containment cavity locat- 
ed just proximal or distal to the expandable balloon which 
is located at or near the catheter's distal end; and 

have the integrated catheter capable of being ad- 
vanced over a flexible guide wire. 

Embodiments of the invention will now be desribed, 
by way of example only, with reference to the accompa- 
nying drawings in which: 

FIG. 1 is a longitudinal cross section of a distal por- 
tion of the integrated catheter.; 

FIG. 2 is an enlarged transverse cross section of the 
catheter at section 2-2 of FIG. 1; 

FIG. 3 is longitudinal cross section of a proximal por- 
tion of the integrated catheter illustrating means for 
guide wire and fluid access to various portions of the 
catheter; 



FIG. 4 is longitudinal cross section of a distal portion 
of an integrated catheter having the stent contain- 
ment cavity distal to the balloon.; and 

5 FIG. 5 is a longitudinal cross section of a portion of 
an integrated catheter having a guide wire that exits 
the catheter within the distal half-length of the cath- 
eter. 

to A prior U.S. patent application (Serial No. 
08/273,459) by the same inventors to which reference 
may be made describes various means for delivering 
self -expanding, shape memory metal stents into a vessel 
of the human body. The embodiments described herein 
'5 expand the concepts taught in that prior application by 
including an expandable balloon located near the cath- 
eter's distal end whose purposes are to initially dilate a 
vessel and then, after a self-expanding stent is deployed, 
to further imbed that stent into the wall of the vessel. 
20 FIGS. 1 , 2 and 3 illustrate an integrated catheter 10 
which includes a slideable outer sheath 20, an outertube 
30, an inner tuber 40, an expandable balloon 50, a stent 
60 located in a stent containment cavity 70, and radio- 
paque marker bands 80 and 82. 
2S The slideable outer sheath 20 has a tapered distal 
end 21 designed to join onto the conical surface 81 of 
the distal marker 80 thus forming a smooth and contin- 
uous outer surface for the distal portion of the catheter 
10. At its proximal end, the sheath 20 is joined onto a 
30 Tuohy-Borst fitting 24 having a main body 25, a nut 26, 
a deformable elastomer gland 27 and a fluid delivery 
means consisting of a side arm 28 having a central lumen 
23, the side arm 28 being joined at its proximal end to a 
female Luer fitting 29. The purpose of the fluid access 
35 means of the Tuohy-Borst fitting 24 is to flush the annular 
space 22 that lies between the sheath 20 and outer tube 
30 (including the stent containment cavity 70) prior to 
placement of the catheter 10 into a vessel. By tightening 
down on the nut 26, the gland 27 seals the proximal end 
40 of the sheath 20 to prevent the escape of flushing fluid 
from the proximal end of the Tuohy-Borst fitting 24. 

The outer tube 30 has a distal portion 31 that is ad- 
hesively bonded near its distal end to both the proximal 
end of the balloon 50 and distal marker band 80. The 
45 proximal end of the tube 30 has a side arm 32 and female 
Luer fitting 33 at the side arm's proximal end. The side 
arm 32 has a central lumen 34 which is in fluid commu- 
nication with an annular passageway 35 that is formed 
between the inside surface ol the outer tube 30 and out- 
so side surface of the inner tube 40. The proximal seal 36 
of the tube 30 is bonded to the inner tube 40 to prevent 
fluid release when fluid is moved through the lumen 34 
and passageway 35 to inflate or deflate the inside cham- 
ber 51 of the balloon 50. As seen in FIG. 1 , adhesive 42 
ss is typically used to join the distal end of the balloon 50 to 
the outer surface ol the tube 40 near its tapered distal 
end 41 . 

The integrated catheter 10 can really be any balloon 



2 



3 



EP 0 699 451 A2 



4 



angioplasty catheter to which stent delivery means has 
been added. The stent delivery means consists of the 
marker bands 60 and 82. the outer sheath 20 and the 
Tuohy-Borst fitting 24. 

Fl G. 3 shows that the female Luer fitting 44 is pined 
to the proximal end of the inner tube 40. A central lumen 
43 extends throughout the entire length of the inner tube 
40 including the Luer fitting 44. Either flushing fluid or a 
guide wire 90 can be placed through the Luer fitting 44. 
through the lumen 43 and out past the distal end 41 of 
the inner tube 40. 

Referring now to FIG. 1 , 1he proximal marker band 
82 is adhesively joined to the proximal end of the distal 
portion 31 of the outer tube 30. The stent containment 
cavity 70 containing the self-expanding stent 60 is 
formed between the distal marker band 80, the proximal 
marker band 82, the inside surface of the outer sheath 
20 and outside surface of the distal portion 31 of the outer 
tube 30. 

The material(s) selected for the tubes 20, 30 and 40 
can be Teflon or an elastomer such as polyurethane or 
polyethylene. The Tuohy-Borst fitting 24 is typically fab- 
ricated from a harder plastic such as PVC or Nylon or a 
higher durometer of the same elastomer used lor the out- 
er sheath 20. The length of the catheter 10 is typically 
20 to 1 50 cm depending on the vessel into which it is to 
be used. The diameter of the catheter will typically vary 
from 1.0 to 10.0 mm depending on its use. The marker 
bands 80 and 82 are typically made from a dense metal 
such as an alloy of tantalum, platinum or gold. 

A method for using the 'over-the-wire' design, inte- 
grated catheter 10 for the treatment of an obstructed cor- 
onary artery would be as follows: 

1 . By conventional means, an introducer sheath and 
a coronary guiding catheter are inserted at the groin 
and the guiding catheter's distal end is advanced 
until it is situated within the ostium of a coronary 
artery. 

2. Saline solution is flushed through each of the 
lumens and passageways of the catheter 10 by 
means of the three female Luer fittings 29, 33 and 
44. 

3. A guide wire 90 that has been pre-loaded into the 
integrated catheter 10 is advanced with the catheter 
10 through the guiding catheter, and the guide wire 
90 is then advanced through the coronary artery 
blockage. 

4. The catheter 10 is futher advanced over the guide 
wire 90 until the distal end 41 of the inner tube 40 
lies distal to the blockage. This is accomplished with 
the outer sheath 20 in its most distal position (as 
shown in FIG. 1) and with the nut 26 of the 
Tuohy-Borst fitting 24 screwed down tightly to fic- 
tionally join the sheath 20 to the outer tube 30. 



5. A fluid pressurization means is then joined to the 
Luer fitting 33 and the balloon 50 is inflated to an 
outside diameter between 2.0 and 5.0 mm depend- 
ing on the nominal size of the coronary artery in 
which the blockage occurred. 

6. The balloon 50 is then deflated and the catheter 
10 is advanced until the stent 60 within the stent con- 
tainment cavity 70 is situated within the dilated arte- 
rial blockage. 

7. The nut 26 of the Tuohy-Borst fitting 24 is then 
loosened and the slideable outer sheath 20 is pulled 
back thus allowing the self-expanding stent 60 to 
expand radially outward. 

8. The catheter 10 is then pulled back until the 
deflated balloon 50 lies within the expanded stent 
60. 

9. The balloon 50 is then reinflated, typically to a 
slightly higher pressure than was initially used for the 
arterial dilatation, thus further imbedding the stent 
into the arterial wall. 

1 0. The balloon 50 is then deflated and the catheter 
1 0 and the guide wire 90 are removed from the 
artery. 

11. The guiding catheter and introducer sheath are 
then removed using appropriate methods that are 
well known in interventional cardiology. 

As described in steps 1 through 11 above, a single 
integrated catheter 1 0 can be used for initial dilatation of 
a blockage in a vessel, for release of a stent within that 
vessel at the site where the dilatation occurred, and the 
balloon can be then reinflated to further imbed the stent 
into the wall of the vessel. Thus the requirement for one 
or more separate balloon dilatation catheters and a sep- 
arate stent delivery catheter has been eliminated with a 
resulting cost economy and a decrease in the time re- 
quired to perform this procedure. 

FIG. 4 illustrates an alternative embodiment of the 
■over-the-wire* integrated catheter in which the inflatable 
balloon is situated just proximal to the proximal end of 
the stent containment cavity. The integrated catheter 1 00 
of FIG. 4 has a flexible tip 110, a slideable outer sheath 
120, an inner tube 130 having a central through lumen 
143, an outer tube 140, and an inflatable balloon 150 
having an interior chamber 151 which has a radiopaque 
band 152 at its center. A self-expanding stent 160 is en- 
closed within a stent containment cavity 170 that lies be- 
tween the inside surface of the outer sheath 1 20, the out- 
side surface of the distal segment 131 of the inner tube 
130, the proximal radiopaque marker 162 and the distal 
radiopaque marker 1 80. The proximal end of the catheter 
100 would be essentially the same design as shown in 
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FIG. 3. Fluid to inflate and deflate the balloon 1 50 would 
pass through the annular passageway 135 (equivalent 
to the passageway 35 shown in FIG. 3) which is in fluid 
communication with the balloon's interior chamber 151 
which is equivalent to the interior chamber 51 of the cath- s 
eter 10 of FIG. 1. 

The design of FIG. 4 would operate as follows: 

1 . Angioplasty or atherectomy would be conducted 

in the obstructed artery. u 

2. The angioplasty or atherectomy catheter would 
then be removed and the integrated catheter 100 of 
FIG. 4 would be advanced over a guide wire (not 
shown) until the stent containment cavity 1 70 is sit- 1 
uated at the site where the artery opening procedure 
was performed. 

3. The outer sheath 120 is then pulled back until its 
distal end lies proximal lo the proximal end of the z 
balloon 150 thus releasing the self-expanding stent. 

4. The catheter 100 is then advanced until the bal- 
loon 150 is situated within the expanded stent 160 
and then the balloon 150 is inflated. 5 

5. The balloon 1 50 is then deflated and the catheter 
100 is removed from the body. 

Although the catheter 1 00 does not have the advan- 30 
tage of being able to perform balloon angioplasty, it does 
save one exchange in that it carries a balloon that can 
be used for imbedding the stent into the arterial wall. 

It is also envisioned to place the balloon at the bot- 
tom of the stent containment cavity instead of either dis- 35 
tal or proximal to the stent containment cavity. This de- 
sign is a simple variation of the design of FIG. 4. 

Another alternative embodiment that utilizes a "rapid 
exchange" concept for the integrated catheter is shown 
in FIG. 5. Although the operation of such an integrated *o 
catheter is described in U.S. Patent Application Serial 
No. 08/273 : 459 referred to above, the basic elements of 
this design will also be described in this specification. 

FIG. 5 shows a longitudinal cross section of a portion 
of the "rapid exchange" (as opposed to "over-the wire") ^ 
integrated catheter 200 which portion is located just 
proximal to a stent containment cavity 270. The catheter 
200 has an outer sheath 220 having a side opening 222 
through which a guide wire 290 can pass, and a dual 
lumen tube 230 having a balloon inflate/deflate lumen « 
235 and a second lumen 243 which is blocked at its distal 
end by the plug 225 and a single radiopaque marker 
band 282.. The distal end of the lumen 235 enters into 
an annular passageway 236 which is in fluid communi- 
cation with the interior of an inflatable angioplasty bal- & 
loon as illustrated in FIG. 1. The dual lumen tube 230 is 
joined at its distal end to the proximal end of the outer 
cylindrical tube 231 which encloses the annular pas- 



sageway 236. A thin-walled steel tube 250 is inserted 
into the distal end of the lumen 246 at the distal end of 
the dual lumen tube 230. The tube 250 forms a fluid tight 
connection between the distal end of the lumen 246 and 
the proximal end of the guide wire lumen 244- An open- 
ing 245 allows the guide wire 290 to exit from the proxi- 
mal end of the lumen 246. 

As previously illustrated in FIG. 1 , the distal end of 
the tube 231 can join to the proximal end of an angi- 
oplasty balloon, and the cylindrical tube 247 can be 
joined near its distal end to the distal end of an angi- 
oplasty balloon. The guide wire 290 would emerge into 
an artery from the distal end of the tube 247 also as il- 
lustrated in FIG. 1 . The fluid entry means at the proximal 
end of "rapid exchange" type catheter designs is well 
known in the art of balloon angioplasty catheters. The 
method for joining the proximal end of the outer sheath 
220 to the exterior surface ol the dual lumen tube 230 by 
means of a Tuohy-Borst fitting is illustrated in Figure 3. 
Thus, a "rapid exchange" type integrated catheter 200 is 
clearly an achievable design. 

It should also be understood that the invention de- 
scribed herein can be used with a variety of angioplasty 
balloon catheters including those with fixed guide wires 
at their distal end. 

It should be further understood that one, two or more 
radiopaque markers could be used with any integrated 
design. 

The invention allows a method for performing bal- 
loon angioplasty followed by stent placement within a 
vessel of a human body, the method comprising the fol- 
lowing steps: 

(a) inserting an integrated catheter which includes 
an inflatable balloon and a stent containment cavity 
both located near the catheter's distal end into the 
vessel of a human body, the stent containment cav- 
ity having a distal end and a proximal end and a radi- 
opaque marker band situated at the stent contain- 
ment cavity's distal end; 

(b) performing balloon angioplasty at a site in the 
vessel; 

(c) deflating the balloon and advancing the catheter 
until the stent containment cavity's distal end lies just 
distal to the site of the dilatation; and 

(d) pulling back an outer sheath thus allowing a 
sell-expanding stent to deploy at the site of the dila- 
tion. 

Additional objects and advantages of the present in- 
vention will become apparent to those skilled in the art 
to which this invention relates from the subsequent de- 
scription of the preferred embodiments and the append- 
ed claims, taken in conjunction with the accompanying 
drawings. 
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Claims 

1 . An integrated catheter (10) for performing a dilata- 
tion procedure within a vessel of a human body and 
for placement of a stent (60) within that region of the 
vessel that underwent dilatation, the catheter com- 
prising: 

a balloon angioplasty catheter in the form of 
an elongated tubular member having a proximal end 
and a distal end and having an inflatable balloon 
(50) and a stent containment cavity (70) both located 
near the tubular member's distal end; 

a self-expanding stent initially located within 
the stent containment cavity, the stent being 
adapted to expand radially outward at the normal 
temperature of the human body, the stent contain- 
ment cavity having a proximal end and a distal end 
and the balloon having a proximal end and a distal 
end, the distal end and proximal end of the stent con- 
tainment cavity each being defined by a surface that 
extends generally radially outward from the surface 
of the elongated tubular member; and 

a slideable outer sheath (20) adapted to retain 
the self-expanding stent in its unexpanded state 
when the outer sheath is advanced to a forward, dis- 
tal position thus forming a cover over the stent con- 
tainment cavity, the outer sheath extending distally 
at least to the radially outward extending surface that 
defines the stent containment cavity's distal end, 
and the outer sheath having a proximal pullback 
means lying outside the human body for pulling the 
sheath back to a proximal position so as to uncover 
the stent containment cavity thus allowing the stent 
to expand radially outward against the vessel wall. 

2. The catheter of claim 1 wherein the stent contain- 
ment cavity is situated just proximal to the proximal 
end of the inflatable balloon. 

3. The catheter of claim 1 wherein the stent contain- 
ment cavity is situated near the tubular member's 
distal end and the inflatable balloon is situated just 
proximal to the proximal end of the stent contain- 
ment cavity. 

4. The catheter of claim 1 wherein a radiopaque 
marker band (81) having a proximal surface is 
located at the stent containment cavity's distal end, 
the surface defining the distal end of the stent con- 
tainment cavity being the proximal surface of the 
radiopaque marker band. 

5. The catheter of claim 1 wherein the integrated cath- 
eter has a central lumen (43) throughout its entire 
length through which a flexible guide wire (90) can 
be slideabty advanced, that is, the balloon angi- 
oplasty catheter is of the *over-the-wire" design. 



6. The catheter of claim 1 wherein the integrated cath- 
eter is of a "rapid exchange* design that allows the 
guide wire to exit from the elongated tubular member 
within the distal half-length of the elongated tubular 

5 member. 

7. The catheter of claim 1 wherein the balloon angi- 
oplasty catheter is a fixed wire" design. 

to 8. The catheter of claim 1 wherein the self-expanding 
stent is made from a shape memory alloy. 

9. The catheter of claim 7 wherein the shape memory 
alloy is Nitinol. 



75 



10. The catheter ol claim 1 wherein the proximal pull- 
back means is a Tuohy-Borst fitting (24). 

11. The catheter of claim 1 wherein the integrated cath- 
20 eter has three separate lumens (22, 35, 43), each 

lumen being accessible for flushing from the cathe- 
ter's proximal end. 

12. The catheter of claim 10 wherein two of the lumens 
25 are annular passageways (22, 35) and the central 

lumen (43) is generally of a cylindrical geometry. 

13. The catheter of claim 1 wherein one radiopaque 
marker band (82) is used to indicate the proximal 

30 end ol the stent containment cavity, and a second 
radiopaque marker band (81) is used to indicate the 
distal end of the stent containment cavity. 

14. An integrated catheter for performing a dilatation 
35 procedure within a vessel of a human body and for 

placement of a stent within that region of the vessel 
that underwent dilatation, the catheter comprising: 
a balloon angioplasty catheter in the form of 
an elongated tubular member having a proximal end 
40 and a distal end and having an inflatable balloon and 
a stent containment cavity both located near the 
tubular member's distal end; 

a self-expanding stent initially located within 
the stent containment cavity, the stent containment 
45 cavity having a proximal end and a distal end and 
the balloon having a proximal end and a distal end, 
the distal end and proximal end of the stent contain- 
ment cavily each being defined by a surface that 
extends elongated radially outward from the surface 
so o1 the generally tubular member; and 

a slideable outer sheath adapted to retain the 
self-expanding stent in its unexpanded state when 
the outer sheath is advanced to a forward, distal 
position thus forming a cover over the stent contain- 
55 ment cavity, the outer sheath extending distally at 
least to the radially outward extending surface that 
defines the stent containment cavity's distal end, the 
outer sheath having a proximal pullback means lying 
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outside the human body for pulling the sheath back 
to a proximal position so as to uncover the stent con- 
tainment cavity thus allowing the stent to expand 
radially outward against the vessel wall, and the 
outer sheath also having a side opening situated just 5 
proximal to the proximal end of the stent contain- 
ment cavity, the side opening being adapted to pass 
a flexible guide wire therethrough. 

15. The catheter of claim 14 wherein the stent contain- 10 
ment cavity is situated just proximal to the proximal 
end of the inflatable balloon. 

16. The catheter of claim 14 wherein the stent contain- 
ment cavity is situated near the tubular member's 15 
distal end and the inflatable balloon is situated just 
proximal to the proximal end of the stent contain- 
ment cavity. 

17. The catheter of claim 14 wherein a radiopaque 20 
marker band having a proximal surface is located at 

the stent containment cavity's distal end, the surface 
defining the distal end of the stent containment cav- 
ity being the proximal surface of the radiopaque 
marker band. 25 

18. The catheter of claim 14 wherein one radiopaque 
marker band is used to indicate the proximal end of 
the stent containment cavity, and a second radio- 
paque marker band is used to indicate the distal end 30 
of the stent containment cavity. 
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